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(54) HIGH STRENGTH INSULATED TUBE

(57)  Insulated tube (1) comprising a main body (6)
and an end piece (7), the end piece (7) being attached
to the main body (6), the main body (6) comprising an
inner tube (2) and an outer tube (3), aradial gap (5) being
arranged between the inner tube (2) and the outer tube
(3), one between the outer tube (2) and the inner tube
(3) being a cold hardened steel alloy tube, said cold hard-
ened steel alloy tube having a first threaded portion (12)

and the end piece (7) having a second threaded portion
(14), the first threaded portion (12) and the second
threaded portion (14) being screwed together such that
the end piece (7) is attached to the cold hardened steel
tube in a sealed manner thanks to the cooperation be-
tween said first threaded portion (12) and second thread-
ed portion (14).
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Description
Technical field

[0001] The present invention relates to the field of in-
sulated tubing for use in oil and gas wells, and especially
to the field of vacuum insulated tubing for use in oil and
gas wells.

Technological background

[0002] In the context of deepwater oil and gas wells,
annular pressure buildup, hereafter named APB, is the
pressure increase in the wellbore casing annulus caused
by temperature changes in the wellbore during produc-
tion. Document US 2020/0393065 describes a prior art
deepwater oil and gas well including nested casings with-
in a wellbore in a formation located below the seabed.
The temperature increase in the wellbore casing annulus
can result in pressure increases in the annulus that can
in turn result in collapse of casing. Such collapse can
cause the loss of the well.

[0003] Vacuum insulated tubing, hereafternamed VIT,
are used in such deepwater wells to mitigate APB in the
annulus. A VIT is a tube-within-a-tube to be located in a
deepwater well connected in-line to a production tubing
such that production fluids flow through the VIT. The VIT
has a vacuum gap there within between an inner tube
and an outer tube of the VIT to reduce heat transfer from
the production fluids within the inner tube into the annu-
lus. The inner tube and the outer tube are joined in a
sealed manner thanks to a weld between the respective
ends of the inner tube and the outer tube.

[0004] Asthe innertube and the outer tube are welded
together, only low strength steels are used in known VIT.
However, in some high pressure and high temperature
wells, hereafter named HPHT wells which are defined as
having a pressure greater than 130,42136 MPa (15,000
psi) or a temperature greater than 176.6°C (350° F), the
pressure of the well can be so great that no known VIT
can meet design requirements for high collapse strength.
[0005] Indeed,thelow strength steel available for weld-
ing would require very high tubing walls in order to im-
prove VIT strength, which would create clearance issues
in the wells. This is particularly impactful on VIT construc-
tion where both the inner pipe and the outer pipe have
to be rated for the absolute pressure (notjust differential),
internal for inners and external for outers.

[0006] Pipesusingcorrosiveresistantalloy steel, here-
after named CRA steel, which are known for their high
strength, are typically not upset since they require cold
working to reach high strength. Indeed, welding cold
hardened materials deteriorates performance in the heat
affected zone. Thus, these CRA material are not adapted
to known VIT in which the inner tube and the outer tube
are welded together. Austenitic materials used in pipes
are corrosive resistantand can be high strength qualified,
but they require to be cold worked to be high strength
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qualified, which is not satisfactory as explained above.
Martensitic materials used in pipes can be corrosive re-
sistant and high strength but at lower levels than auste-
nitic materials.

[0007] In fact, there is no existing high strength VIT
solutions, best existing solutions being limited to steels
in annealed conditions, with yield strength that are be-
tween 448159224 Pa (65ksi) and 655001943 Pa (95 ksi).
[0008] A solution that has been considered in the past
involves using precipitation hardening materials, which
involves building the VIT and the weld in the annealed
condition, and later heat treat the VIT altogether to create
the final desired strength.

[0009] However, the aging process on precipitation
hardening steels is rather long with typically around two
days at elevated temperature. This requirement renders
this solution unpractical with VIT. These drawbacks are
leading to generally use non insulated solutions (non VIT)
to APB challenges, even if VIT is recognized as the most
reliable solution to prevent APB problems.

[0010] Whatis neededisa VIT capable of withstanding
higher pressures than known VIT are capable of with-
standing such as those pressures encountered in HPHT
deepwater wells without collapsing and without losing
vacuum.

Summary

[0011] One idea on which the invention is based is to
provide an insulated tube, especially a vacuum insulated
tube, capable of withstanding higher pressures than
known VIT are capable of withstanding such as those
pressures encountered in HPHT deepwater wells without
collapsing and without losing vacuum.

[0012] In order to provide such insulated tube, the in-
vention provides an insulated tube comprising a main
body and an end piece, the end piece being attached to
the main body, the main body comprising an inner tube
and an outer tube, the inner tube and the outer tube being
separated by a radial gap, one between the outer tube
and the inner tube being a cold hardened steel alloy tube,
said cold hardened steel alloy tube having afirst threaded
portion and the end piece having a second threaded por-
tion, the first threaded portion and the second threaded
portion being screwed together such that the end piece
is attached to the cold hardened steel tube in a sealed
manner thanks to the cooperation between said first
threaded portion and second threaded portion.

[0013] Thanks tothese features, the insulated tube has
a good tension and compression behavior. For instance,
such an insulated tube can have a yield strength about
861844662 Pa (125ksi) or more thanks to the cold hard-
ened steel alloy tube threaded with the end piece while
insulation, for instance vacuum, is maintained between
the inner tube and the outer tube in the radial gap. Es-
pecially, such an insulated tube can be manufactured
with a high strength corrosive resistant alloy, typically a
cold hardened steel alloy tube having a yield strength
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above 861844662 Pa (125 ksi).

[0014] Moreover, such an insulated tube can be man-
ufactured with any further thread on the side of the end
piece opposed to the main body in order to be joined to
another tube in the well. Such another tube in the well
can be, for instance, another vacuum insulated tube or
others kind of tubes used in the well. Thus, this end piece
allows for the vacuum insulating tube to be manufactured
with a further thread for joining to another tube with a
good resistance capability regardless of the main body,
inner tube or outer tube, resistance capability.

[0015] Such a vacuum insulated tube may comprise
one or more of the following features.

[0016] Accordingto an embodiment, the other tube be-
tween the outer tube and the inner tube is an heat treated
steel alloy tube,

[0017] Accordingto an embodiment, the other tube be-
tween the outer tube and the inner tube is welded on the
end piece such that the end piece is attached to said
other tube in a sealed manner thanks to said welding.
[0018] According to an embodiment, heat insulation is
arranged between the inner tube and the outer tube in
the radial gap. According to an embodiment, vacuum is
arranged between the inner tube and the outer tube, for
instance the heat insulation arranged between could be
vacuum, the insulated tube being a vacuumed insulated
tube.

[0019] Thanks to both the threaded joint between the
cold hardened steel alloy tube and the end piece and the
welding between the other tube and the end piece, the
radial gap between the inner tube and the outer tube is
sealed and can preserve the insulations properties of the
insulating tube, for instance by maintaining the vacuum
in said radial gap.

[0020] Accordingtoanembodiment, the innertube and
the outer tube are coaxial. Preferably, the insulated tube
has a longitudinal axis, the inner tube and the outer tube
being coaxial with said longitudinal axis of the insulated
tube.

[0021] According to an embodiment, the end piece
comprises a first end portion and a second end portion.
According to an embodiment, the first end portion com-
prises the second threaded portion. According to an em-
bodiment, the second end portion comprises, on aninner
peripheral surface or an outer peripheral surface of said
second end portion, a third threaded portion. Such a third
threaded portion allows the insulated tube to be joined
to another tube in the well, for instance another vacuum
insulated tube.

[0022] According to an embodiment, the end piece
comprises a first end portion, a second end portion and
a central portion, the central portion axially joining the
first end portion and the second end portion. Preferably,
the central portion has a radial thickness greater than a
radial thickness of the first end portion. Preferably, the
radial thickness of the central portion is greater than a
radial thickness of the second end portion. Preferably,
the other tube between the inner tube and the outer tube
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is welded on the central portion of the end piece.
[0023] Thanks to these features, the welding between
said tube and the end piece is arranged in a portion of
said end piece having a thickness large enough to avoid
weakness resulting from the welding process. In other
words, such a weldable end piece allows welding where
it does not impact the insulated tube resistance.

[0024] According to an embodiment, the second
threaded portion is arranged on an inner peripheral sur-
face of the end piece, the first threaded portion being
arranged on an outer peripheral surface of the cold hard-
ened steel alloy tube. According to an embodiment, the
second threaded portion is arranged on an outer periph-
eral surface of the end piece, the first threaded portion
being arranged on an inner peripheral surface of the cold
hardened steel alloy tube.

[0025] According to an embodiment, atleast one of the
first threaded portion and the second threaded portion,
and preferably both the first threaded portion and the
second threaded portion, comprises a thread sealing sur-
face treatment.

[0026] Such a sealing surface treatment provides a
good sealability to the junction between the first threaded
portion and the second threaded portion, maintaining ef-
ficiently the vacuum between the inner tube and the outer
tube.

[0027] Such sealing surface treatment can be made
using different sealing surface treatments. According to
an embodiment, the sealing surface treatment comprise
lubricant applied on at least one of the first threaded por-
tion and the second threaded portion. According to an
embodiment, the sealing surface treatment comprises a
copper plating surface treatment. According to an em-
bodiment, the sealing surface treatment comprises a
Nickel plating surface treatment.

[0028] According to an embodiment, the cold hard-
ened steel alloy tube comprises a first shoulder, the end
piece comprising a second shoulder, the first shoulder
and the second shoulder being in contact in a screwed
state of the first threaded portion and the second thread-
ed portion. According to an embodiment, at least one
between the first shoulder and the second shoulder, and
preferably both the first shoulder and the second shoul-
der, comprises a shoulder sealing surface treatment.
[0029] Accordingtoanembodiment, the shoulder seal-
ing surface treatment comprises a strip of high temper-
ature brazing material, said strip of high temperature
brazing material being mechanically squeezed between
the first shoulder and the second shoulder in the screwed
state of the first threaded portion and the second thread-
ed portion.

[0030] Accordingtoanembodiment, theinsulated tube
further comprises a groove arranged on at least one of
the cold hardened steel alloy tube or the end piece, the
insulated tube further comprising a strip of high temper-
ature brazing material arranged in said groove. Prefera-
bly, said strip of high temperature brazing material is me-
chanically squeezed between the cold hardened steel
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alloy tube and the end piece in the screwed state of the
first threaded portion and the second threaded portion.
According to an embodiment, the groove is arranged on
the cold hardened steel alloy tube axially between the
first shoulder and the first threaded portion. According to
an embodiment, the groove is arranged on the end piece
axially between the second shoulder and the second
threaded portion.

[0031] According to an embodiment, the inner tube is
a clad pipe comprising a main inner pipe and an inner
layer, the main inner pipe comprising martensitic corro-
siveresistant steel alloy, the inner layer being in an auste-
nitic corrosive resistantalloy. Such aninnerlayerensures
the inner corrosive resistance of the insulated tube.
[0032] According to an embodiment, an end of the
main inner pipe is welded to the outer tube. In this em-
bodiment, the mechanical resistance of the insulated
tube is ensured thanks to the cooperation between the
first threaded portion and the second threaded portion,
locally welding the main inner pipe therefore does not
weak said insulated tube as the inner tube has fewer
mechanical constraints.

[0033] According to an embodiment, the cold hard-
ened steel alloy tube is made of an austenitic corrosive
resistant alloy.

[0034] Accordingto an embodiment, the other tube be-
tween the inner tube and the outer tube is an heated
treated steel alloy tube made of martensitic corrosive re-
sistant steel alloy.

[0035] According to an embodiment, the end piece is
made of low strength corrosive resistant alloy.

[0036] According to an embodiment, the end piece is
made of annealed steel alloy.

[0037] According to an embodiment, the outer tube is
the cold hardened steel alloy tube and the inner tube is
an heat treated steel alloy tube.

[0038] According to an embodiment, the inner tube is
the cold hardened steel alloy tube and the outer tube is
an heat treated steel alloy tube.

Brief figures description

[0039] Theinventionwillbe better understood, and oth-
er objects, details, features and advantages thereof will
become more clearly apparent during the course of the
following description of a number of particular embodi-
ments of the invention which are given solely by way of
nonlimiting illustration with reference to the appended
drawings.

FIG. 1 is a schematic cross-sectional view along a
longitudinal axis X of an end portion of a vacuum
insulated tube according to a first embodiment of the
invention.

FIG. 2 is a schematic cross-sectional view along a
longitudinal axis X of an end portion of a vacuum
insulated tube according to a second embodiment
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of the invention.

FIG. 3 is a detailed view of an embodiment of the
vacuum insulated of figure 1 comprising a groove
and a brazing material arranged in said groove.

FIG. 4 is a detailed view of an embodiment of the
vacuum insulated of figure 2 comprising a groove
and a brazing material arranged in said groove.

Detailed description

[0040] Figure 1 shows an end portion of a vacuum in-
sulated tube 1, hereafter named VIT 1. Such a VIT 1
comprises an inner tube 2 and an outer tube 3. The inner
tube 2 and the outer tube 3 are coaxially arranged along
a longitudinal axis 4 of the VIT 1. The outer tube 3 has
an internal diameter greater than an outside diameter of
the inner tube 2 such that a radial gap 5 is present along
the longitudinal axis 4 between the inner tube 2 and the
outer tube 3. The outer tube 3 and the inner tube 2 define
together a main body 6 of the VIT 1.

[0041] The VIT 1 further comprises an end piece 7.
This end piece 7 comprises a first end portion 8, a central
portion 9 and a second end portion 10. The central portion
9 is arranged between the first end portion 8 and the
second end portion 10 along the longitudinal axis 4. The
end portion 7 is joined to the main body 6 of the VIT 1.
Especially, as explained below, the end piece 7 is joined
in a sealed manner both to the inner tube 2 and the outer
tube 3 in order to preserve the vacuum in the radial gap 5.
[0042] In the embodiment shown on figure 1, an end
of the outer tube 3 comprises a male portion 11. This
male portion 11 comprises a first threaded portion 12.
Moreover, the first end portion 8 of the end piece 7 com-
prises a female portion 13, said female portion 13 com-
prising a second threaded portion 14. The outer tube 3
and the end piece 7 are joined in a sealed manner thanks
to the cooperation between the first threaded portion 12
and the second threaded portion 14. In other words, the
first threaded portion 12 is screwed in the second thread-
ed portion 14 in order to join in a sealed manner the outer
tube 3 and the end piece 7.

[0043] The male portion 11 and the female portion 13
can be of any known type ensuring good sealability and
resistance between the end piece 7 and the outer tube
3. For instance, the male portion 11 and the female por-
tion 13 can have, respectively, afirst sealing surface and
a second sealing surface which, when the first threaded
portion 12 and the second threaded portion 14 are
screwed together in a made-up state, cooperate with
metal-to-metal interference to ensure sealability of the
joint formed thanks to the cooperation between the male
portion 11 and the female portion 13.

[0044] The male portion 11 further comprises a lip 15
forming the free end of the male portion 11 at the end of
the outer tube 3. The first threaded portion 12 is axially
arranged between a body 16 of the outer tube 3 and the
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lip 15. A radial surface at the free end of this lip 15 forms
a first torque shoulder 17. This first torque shoulder 17
extends mainly in the radial direction, said radial direction
being perpendicular to the longitudinal axis 4. The end
piece 7 comprises a second torque shoulder 18 extend-
ing mainly in the radial direction. The first torque shoulder
17 and the second torque shoulder 18 are in contact in
the made-up state of the first threaded portion 12 and
the second threaded portion 14. These first torque shoul-
der 17 and second torque shoulder 18 ensure the axial
positioning in the made-up state of the first threaded por-
tion 12 and the second threaded portion 14 when they
are screwed together.

[0045] In order to ensure better sealing behavior be-
tween the outer tube 3 and the end piece 7, the first
threaded portion 12 and/or the second threaded portion
14 comprise a surface treatment. In an embodiment, this
surface treatment is made of lubricant applied on the first
threaded portion 12 and/or on the second threaded por-
tion 14. Such a lubricant is for instance Vacuum grease.
Other surface treatments could be used, for instance a
copper plating surface treatment or a Nickel plating sur-
face treatment.

[0046] Inanembodiment, the contact between the first
torque shoulder 17 and the second torque shoulder 18
can also ensure sealability of the joint between the outer
tube 3 and the end piece 7, for instance thanks to a metal-
to-metal interference. The sealability of the joint between
the outertube 3 and the end piece 7 can also be improved
thanks to a surface treatmenton at least one of the torque
shoulders 17, 18. This surface treatment is preferably
based on high temperature non evaporable compounds,
typically metallic compounds.

[0047] Inanembodiment, the surface treatment on the
torque shoulders 17, 18 comprises on at least one of the
first torque shoulder 17 and the second torque shoulder
18 a continuous strip of high temperature brazing mate-
rial 20 (see figure 3) that is mechanically squeezed be-
tween the first torque shoulder 17 and the second torque
shoulder 18 in the made-up state of the first threaded
portion 12 and second threaded portion 14. Such a strip
of high temperature brazing material 20 can be directly
applied on at least one of the torque shoulders 17, 18,
preferably all around the circumference of the corre-
sponding torque shoulder 17 or 18. The thickness of that
strip of high temperature brazing material is such that it
does not modify the seal engagement of the first threaded
portion 12 with the second threaded portion 14 or the
sealing surfaces.

[0048] In another embodiment, the strip of high tem-
perature brazing material 20 is arranged in a circumfer-
ential groove 21, said circumferential groove 21 being
located on one of the torque shoulders 17 or 18. Such a
strip of high temperature brazing material 20 is preferably
arranged in the groove 21 before threading the first
threaded portion 12 and/or the second threaded portion
14 for better compliance with the manufacturing toleranc-
es. As shown on figure 3 for instance, the groove 21 is
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arranged on the second torque shoulder 18 with the strip
of high temperature brazing material 20 arranged in said
groove 21. However, the groove 21 and the strip of high
temperature brazing material 20 could be on the first
torque shoulder 17.

[0049] In another embodiment, a surface of the male
portion 11 between the first torque shoulder 17 and the
first threaded portion 12 and/or a surface of the female
portion 13 between the second threaded portion 14 and
the second torque shoulder 18 can also have a high tem-
perature brazing material strip 20. This strip of high tem-
perature brazing material 20 can be, for instance, ar-
ranged in a circumferential groove 21 managed on the
surface of the male portion 11 between the first torque
shoulder 17 and the first threaded portion 12 and/or a
surface of the female portion 13 between the second
threaded portion 14 and the second torque shoulder 18.
Such a strip of high temperature brazing material further
improves the seal behavior of the joint between the outer
tube 3 and the end piece 7.

[0050] As the outer tube 3 and the end piece 7 are
joined in a sealed manner thanks to the cooperation be-
tween the male portion 11 and the female portion 13, the
outer tube 3 of the VIT 1 can be made of high strength
corrosive resistant alloy, for instance having a yield
strength of 861844662 Pa (125 ksi) or above. For in-
stance, such an outer tube 3 can be made of any cold
hardened corrosive resistant alloy, which requires cold
working to reach high strength and specific yield strength.
The outer tube 3 is for instance made of an austenitic
corrosive resistant alloy.

[0051] Thanks to the cooperation between the male
portion 11 and the female portion 13, no welding which
could deteriorates the performances of the joint involving
a cold hardened steel alloy is required for joining in a
sealed manner the outer tube 3 and the end piece 7.
[0052] Thus, thanks to the invention, it is possible to
manufacture VIT 1 having full strength (tension and pres-
sure) capability using a high strength main body 6 com-
prising an outer tube 3 made of cold hardened steel alloy.
[0053] The end piece 7 and the inner tube 2 are joined
in a sealed manner thanks to a weld 19 between an end
of the inner tube 2 and the central portion 9 of the end
piece 7. As the mechanical resistance of the VIT 1 is
ensured thanks to the outer tube 3 having high strength
joined to the end piece 7 using male portion 11 and female
portion 13, this weld 19 does not weak the VIT 1.
[0054] The end piece 7 is preferably made of weldable
low strength corrosive resistant alloy material. The end
piece 7 is for instance in annealed condition.

[0055] The inner tube 2 does not need to be a high
strength corrosive resistant alloy tube as it is not struc-
tural to the string of tubes in the well. Indeed, the inner
tube 2 needs to withstand the pressure and needs to
withstand corrosion from the fluids on its inside. The inner
tube 2 can for instance be made of heat-treated steel
alloy to aim a specific yield strength. This inner tube 2 is
therefore not cold hardened in order to be weldable on
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the end piece 7, which is also in a weldable material. For
instance, the inner tube 2 is made of martensitic steel
alloy.

[0056] The central portion 9 has a greater radial thick-
ness than the radial thickness of both the first end portion
8 and the second end portion 10. The inner tube 2 is
welded to the central portion 9 of the end piece 7 thanks
to the weld 19. This weld 19 is circumferential around the
inner surface of the central portion 9 to provide sealing
between the inner tube 2 and the end piece 7. As the
central portion 9 has an increased radial thickness, the
weld 19 does not create a weakness in the junction be-
tween the end piece 7 and the inner tube 2 nor in the end
piece 7. The second end portion 10 of the end piece 7
can be threaded with any thread, this thread being the
field thread for joining the VIT 1 with another vacuum
insulated tube or casing tube in the well.

[0057] Such a weldable end piece 7 and the weldable
inner tube 2 allows welding where it matters while the
high strength outer tube 3 provide high strength without
requiring to increase thickness of said outer tube 3 and
preserving the radial gap 5 as a vacuum space.

[0058] A typically solution to save on manufacturing
cost of the inner tube 2 would be a clad pipe as inner
tube 2. Such a clad pipe inner tube 2 would be made
mostly of SS resistant Carbon steel such as SS-125
grade, with a thin portion of austenitic internally clad CRA
pipe. The ends of that pipe would be filet welded to the
outer pipe 3, creating a continuous layer or martensitic
CRA material.

[0059] Only one end of the VIT 1 is shown on figure 1,
however both ends of such a VIT 1 can be manufactured
with the above-described features. However, in order to
allow forinner tube 2 insertion, one end of the VIT 1 might
be assembled before insertion of the inner tube 2, and
the other end after insertion of the inner tube 2.

[0060] A vacuum insulated tube as described in view
of figure 1 enables the use of high strength tubulars com-
ponent, typically for the outer tube, which are not limited
to 448159224-655001943 Pa (65-95 ksi) yield strength
tubulars components and can be made of tubulars com-
ponents having a yield strength of 861844662 Pa (125
ksi) and more.

[0061] In the embodiment shown on figure 1, the first
threaded portion 12 is arranged on a radially outer sur-
face of the end of the outer tube 3 and the second thread-
ed portion 14 is arranged on a radially inner surface of
the firstend 8 of the end piece 7. However, in a not shown
embodiment, the first threaded portion 12 is arranged on
aradially inner surface of the end of the outer tube 3 and
the second threaded portion 14 is arranged on a radially
inner surface of the first end 8 of the end piece 7. In other
words, the male portion 11 could be arranged on the end
piece 7 and the female portion 13 could be arranged on
the outer tube 3.

[0062] FIG. 2is a schematic view of an end portion of
a vacuum insulated tube according to a second embod-
iment of the invention. In this second embodiment, iden-
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tical features or features having the same function as
described above in view of figure 1 have the same ref-
erence.

[0063] The second embodiment shown on figure 2 dif-
fers from the first embodiment shown on figure 1 in that
the outer tube 3 is welded to the end piece 7 while the
inner tube 2is joined to the end piece 7 thanks to threaded
portions 12 and 14. In other words, the features of the
inner tube 2 and the features of the outer tube 3 are
switched between the first embodiment and the second
embodiment, the inner tube 2 in the second embodiment
comprising the features of the outer tube 3 as described
in view of the first embodiment while the outer tube 3 in
this second embodiment comprises the features of the
inner tube 2 as described in view of the firstembodiment.
[0064] Therefore,inthis second embodiment, the inner
tube 2 is made of a cold hardened corrosive resistant
alloy having high strength properties. The end of this in-
ner tube 2 comprises the male portion 11 with the first
threaded portion 12 which is screwed with the second
threaded portion 14 of the female portion 13 arranged on
the end piece 7. The outer tube 3 is made of heat treated
steel alloy. Contrary to the first embodiment, the weld 19
between the outer tube 3 and the end piece 7 is made
at the free end of the first end portion 8 of the end piece
7, said end piece 7 being made of weldable low corrosive
resistant steel alloy. Thus, the central portion 9 of the end
piece 7 does not require to have an increased thickness.
[0065] In this second embodiment, a groove 21 as de-
scribed above an be arranged on the end piece 7, for
instance at the end of the second threaded portion 14 as
shown on figure 4 or on the side of the first threaded
portion 12 opposed to the end of said inner tube 2, and
a strip of high temperature brazing material 20 can be
arranged in said groove 21 to ensure sealability of the
joint between the inner tube 2 and the end piece 7.
[0066] Although the invention has been described in
conjunction with a number of particular modes of embod-
iment, it is quite obvious that itis not in any way restricted
thereto and that it comprises all the technical equivalents
of the means described and combinations thereof where
these fall within the scope of the invention as defined by
the claims.

[0067] The use of the verbs "comprise”, "have" or "in-
clude" and conjugated forms thereof does not exclude
there being elements or steps other than those listed in
a claim.

[0068] In the claims, any reference sign between pa-
rentheses should not be interpreted as placing a limit on
the claim.

Claims

1. Aninsulated tube (1) comprising a main body (6) and
an end piece (7), the end piece (7) being attached
to the main body (6), the main body (6) comprising
aninnertube (2) and an outer tube (3), the inner tube
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(2) and the outer tube being separated by a radial
gap (5), one between the outer tube (2) and the inner
tube (3) being a cold hardened steel alloy tube, said
cold hardened steel alloy tube having afirst threaded
portion (12) and the end piece (7) having a second
threaded portion (14), the first threaded portion (12)
and the second threaded portion (14) being screwed
together such that the end piece (7) is attached to
the cold hardened steel tube in a sealed manner
thanksto the cooperation between saidfirstthreaded
portion (12) and second threaded portion (14).

An insulated tube (1) according to claim 1, wherein
the other tube between the inner tube (2) and the
outer tube (3) is an heat treated steel alloy tube.

An insulated tube (1) according to claim 1 or 2,
wherein the other tube between the outer tube (2)
and the inner tube (3) is welded on the end piece (7)
such that the end piece (7) is attached to said other
tube in a sealed manner thanks to said welding.

Aninsulated tube (1) according to any of the preced-
ing claims, wherein heat insulation is arranged be-
tween the inner tube (2) and the outer tube (3) in the
radial gap (5).

Aninsulated tube (1) according to any of the preced-
ing claims, wherein vacuum is arranged between the
inner tube (2) and the outer tube (3).

An insulated tube according to any of the preceding
claims, wherein the end piece (7) comprises a first
end portion (8), a second end portion (10) and a cen-
tral portion (9), the central portion (9) axially joining
the first end portion (8) and the second end portion
(10), the central portion (9) having a radial thickness
greater than aradial thickness of the first end portion
(8), the radial thickness of the central portion (9) be-
ing greater than a radial thickness of the second end
portion (10), the other tube between the inner tube
(2) and the outer tube (3) being welded on the central
portion (9) of the end piece (7), the first end portion
(8) comprising the second threaded portion (14).

An insulated tube according to any of the preceding
claims, wherein at least one of the first threaded por-
tion (12) and the second threaded portion (14) com-
prises a thread sealing surface treatment.

An insulated tube according to any of the preceding
claims, wherein the cold hardened steel alloy tube
comprises a first shoulder (17), the end piece (7)
comprising a second shoulder (18), the first shoulder
(17) and the second shoulder (18) being in contact
in a screwed state of the first threaded portion (12)
and the second threaded portion (14), and wherein
at least one between the first shoulder (17) and the
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10.

1.

12.

13.

14.

15.

second shoulder (18) comprises a shoulder sealing
surface treatment.

An insulated tube according to claim 8, wherein the
shoulder sealing surface treatment comprises a strip
of high temperature brazing material, said strip being
mechanically squeezed between the first shoulder
(17) and the second shoulder (18) in the screwed
state of the first threaded portion (12) and the second
threaded portion (14).

An insulated tube according to any of the preceding
claims, further comprising a groove arranged on at
least one of the cold hardened steel alloy tube or the
end piece, the insulated tube (1) further comprising
a strip of high temperature brazing material arranged
in said groove.

An insulated tube according to any of the preceding
claims, wherein the inner tube (2) is a clad pipe com-
prising main inner pipe and an inner layer, the main
inner pipe comprising a martensitic corrosive resist-
ant steel alloy, the inner layer being in an austenitic
corrosive resistant alloy.

An insulated tube according to claim 11, wherein an
end of the main inner pipe is welded to the outer tube

)

An insulated tube according to any of the preceding
claims, wherein the cold hardened steel alloy tube
is made of an austenitic corrosive resistant alloy.

An insulated tube according to any of the preceding
claims, wherein the other tube between the inner
tube (2) and the outer tube (3) is made of martensitic
corrosive resistant steel alloy.

An insulated tube according to any of the preceding
claims, wherein the end piece (7) is made of low
strength corrosive resistant alloy.
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